Demonstrating through examples, this book presents a mechanism-based perspective on the broad range of deformation and fracture responses of solid polymers. It draws on the results of probing experiments and considers the similar mechanical responses of amorphous metals and inorganic compounds to develop advanced methodology for generating more precise forms of modeling. This, in turn, provides better fundamental understanding of deformation and fracture phenomena in solid polymers. Such mechanism-based constitutive response forms have far-reaching application potential in the prediction of structural responses and in tailoring special microstructures for tough behavior. Moreover, they can guide the development of computational codes for deformation processing of polymers at any level. Applications can range from large-strain industrial deformation texturing to production of precision micro-fluidic devices, making this book of interest both to advanced graduate students and to practicing professionals.
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Preface
The chemistry and physics of polymers, and their molecular microstructure, morphology, and larger-scale organization have been extensively studied and described in many treatises.
In comparison the plastic deformation and fracture processes, both in the laboratory and in industrial practice, have largely been dealt with at a phenomenological level, and often separately for different polymers and blends, rather than from a unified and comprehensive mechanistic perspective. This has left the mechanisms governing the deformation and fracture resistance of polymers far less well understood.
On the other hand, fundamental developments in polymer physics and polymer materials science in the recent past are now making it possible to consider broad ranges of their deformation and fracture from a mechanistic point of view at an appropriate molecular and morphological level. Moreover, insight gained from studies of corresponding responses of amorphous metals and semiconductors, reinforced by computational simulations and mechanistic modeling, has also broadened the perspective.
The purpose of this book is to present a coherent picture of the inelastic deformation and fracture of polymers from a mechanistic point of view, addressed to graduate students of material science and mechanical engineering and to professional practitioners in the field.
The book concentrates heavily on research conducted at the Massachusetts Institute of Technology from the mid 1980s to the mid 2000s by the author and a group of collaborators. It reports on extensive experimental studies and related computational simulations. In the latter there is much emphasis on development of mechanistic models ranging from unit plastic relaxation events to the evolution of deformation textures in channel die compression flow to large plastic strains. At every level the experimental results are compared in detail with predictions from the models.
The core of the book is devoted to subjects starting with anelastic behavior of polymers and rubber elasticity, but proceeds with greater emphasis in following chapters to mechanisms of plastic relaxations in glassy polymers and semicrystalline polymers with initial spherulitic morphology. Other chapters concentrate on craze plasticity in homo-polymers and block copolymers, culminating with a chapter on toughening mechanisms in brittle polymers. To make the www.cambridge.org © in this web service Cambridge University Press Cambridge University Press 978-0-521-82184-1 -The Physics of Deformation and Fracture of Polymers A. S. Argon Frontmatter More information main chapters on plastic flow and toughening tractable to the reader, the book starts with a brief tutorial chapter devoted to the structure of polymers from the chain molecular levels to morphological aggregation of crystalline lamellae and their further aggregation into spherulites. Since unit plastic relaxations are complex phenomena in glassy polymers, which, however, exhibit parallel phenomena that can be followed more transparently in amorphous metals and amorphous silicon, a chapter is also included at the start on the atomic structure of such simpler elemental glasses. Finally, since fracture involves propagation of cracks emanating from notches, with crack tips being modified by plastic zones of various levels of pervasiveness, a relatively comprehensive chapter on fracture mechanisms and mechanics is included to precede the chapter on toughening mechanisms.
Each chapter starts with an overview laying out the topics to be presented to give an overall perspective. Copious references are provided at the ends of chapters, often supplemented with lists of additional references that develop some topics in greater depth.
It is assumed that the reader has had an introductory course on materials science and perhaps on polymers such as e. Clearly, the present book covers in depth only a narrow subject area on the mechanical response of polymers; thus, as such, it is not intended as a review. The informed reader will note that much work of other investigators falling outside the main scope has not been included. This omission is intentional, in order to preserve a coherent central perspective.
Many colleagues at various levels contributed significantly to the conduct of the research discussed in the book and the overall development of the subject of this book, either in experimentation or in computational modeling. These include, in order of depth of involvement, R. Cohen, U. Suter, A. Gałęski, Z. Bartczak, E. Pio´rkowska, H. Brown, D. Parks, O. Gebizlioglu, S. Ahzi, M. Hutnik, P. Mott, O. Muratoglu, B. Lee, J. Vancso, J. Qin, and G. Dagli. In private discussions on many aspects of polymer research, G. Rutledge contributed some important perspective. M. Weinberg of DuPont supplied specially
Symbols
All mathematical symbols are fully defined in the text where they are introduced. Some material parameters have been referred to by different symbols, preserving their usage in the literature. mode I stress intensity factor K IC critical mode I stress intensity factor for crack growth in plane strain K S critical mode I stress intensity factor for crack growth for plane stress K C mode I stress intensity factor for growth of cracks between plane stress and plane strain:
load on deforming bar L Langevin function M e entanglement molecular weight in rubbers M n number-average molecular weight M w weight-average molecular weight M w /M n polydispersity ratio
